Previous analysis of B.japonicum nifH'-and nifD'-'iacZ translational fusions showed that these promoters could be activated by the K.pneumoniae nifA plus the E.coli ntrA gene products. To study the functions of the DNA 5' to these promoters, plasmids carrying deletions in this region were constructed aijd analyzed in vivo in a heterologous system consisting of an E^_ coli (NtrA ) background with a plasmid that constitutively expresses the Kp neumoniae nifA gene. Activation of the B.japonicum promoters was completely dependent on sequences located between positions -165 and -100, relative to the start of transcription. Some of the nifD deletion-fusions were mobilized to the wild-type B.japonicum and the exconjugants tested in an ex planta microaerobic system, and also used to infect soybean seedlings. The time course of derepression was followed by assaying g-galactosidase activity from samples withdrawn from the microaerobic cultures or from root-nodule extracts. The results conclusively show that in the homologous system the sequences upstream of the promoter are required to achieve wild-type activity.
promoter sequences see Ref. 26 ). The same jrrf consensus sequence has also been found in Azotobacter vineiandii (27, 28) .
In addition, it has been shown that the K.pneumoniae nifA product can activate expression of nrf genes in A.vineiandii and A.chroococcum (29) and in Azospirill urn brasiTense (30) . In R.meTiToti both the K.pneumoniae nifA and the E.coli ntrC gene products can activate the nifHDK and fixABC operons (24,31, 32). Also, the K.pneumoniae nifA product can activate the nifH and nifDK operons of B.japonicum; however, in this case the K.pneumoniae ntrC gene product does not have an effect on these rivf promoters (26) .
A gene corresponding to the K.pneumoniae nifA cistron has been found in R.meliioti (32,33,34,35), R.leguminosarum (36,37,38) and B.japonicum (39) . In R.meliloti a gene analogous to the K.pneumoniae ntrC gene has also been identified (40) .
Wild-type levels of activity from the K.pneumoniae nifLA consensus promoter require not only the products of the nifA and rpoN(ntrA) genes, but also sequences at least 150 base pairs (bp) upstream of the point of transcription initiation (13) . The same is true for the nifHDKY operon where sequences up to the -136 position are required (41,42,43). Recently, a similar effect was identified when 5'deletions of the R.meliloti nifHDK promoter were assayed in an E.coli background using the K.pneumoniae nifA gene product as activator. However, the requirement for the DNA upstream of the R.meliloti nifHDK promoter disappeared when expression from this promoter was assayed in 5-week old alfalfa root-nodules (44).
We have now tested the effect of sequences upstream of the B.japonicum nifH and nifDK promoters making use of a series of Bal31-and restriction endonuclease-generated 5' deletions of nifH'-'iacZ and nifD'-'lacZ translational fusions. The nifH-and nifD-lacZ deletion fusions were both tested in a heterologous system composed of an E.coli background and the K.pneumoniae nifA activator. It was found that sequences extending up to the -165 position were required to achieve full activity from these promoters. Furthermore, and in contrast to the results obtained in R.meliloti, a stringent requirement for the upstream sequences was also observed when deletion fusions of the B.japonicum nifD promoter were assayed in a microaerobic (ex planta) system and in soybean root-nodules. 
MATERIALS AND METHODS Strains and plasmids
These are listed in Table 1 .
DNA manipulation and cloning
Restriction and DNA-modifying enzymes were obtained from commercial sources and used according to the manufacturer's instructions. Standard procedures for DNA cloning were used (50). Media and growth conditions for E.coli and B.japonicum E.coli was normally grown in LB. Nitrogen-free medium (NFDM) (51) was used supplemented with 200 yg/ml of filter-sterilized glutamine plus appropriate antibiotics. Minimal medium (MM) was as described (52) but NaCl and CaCŵ ere omitted. Indicator medium (MM-Xgal) for strains carrying lacZ fusions was MM plus casaminoacids (250 yg/ml), yeast extract (250 yg/ml), 5-bromo-4-chloro-3-indolyl-p-D-galactoside (Xgal) (30 yg/ml) and appropriate antibiotics. Chloramphenicol was used at 40 yg/ml and ampicillin at 200 yg/ml. B.japonicum 110spc4 was routinely grown on PSY medium (47). When required, tetracycline was used at 100 yg/ml, spectinomycin at 200 yg/ml and Xgal at 30 yg/ml. Microaerobic (ex planta) cultures have been described (53) . Plant infection tests were done by inoculating soybean seedlings (Glycine max (L.) Merr. cv. Clark-Ll) and growing the plants in a climatized chamber (54).
Construction of 5' deletion derivatives of the nifD'-'laeZ fusion piasmid

PRJ1008
The translational lacZ fusion vector pMC1403 contains a 17 bp polylinker with sites for EcoRI-Smal-BamHI just upstream from the 9th codon of the E.coli lacZ gene. The B.japonicum nifD'-'lacZ fusion plasmid, pRJ1008 (Fig. 1A) Fig. 1A) . Other deletion derivatives were constructed using specific restriction sites. Plasmid pRJ1019 was constructed by cutting pRJ1008 at the unique EcoRI and j3g_HI sites, the ends were "filled in" and the plasmid religated. To construct pRJ1020 the plasmid pRJ1008 was digested at the unique JxoRI and Spjil sites, both ends were "filled in" and the plasmid religated. In the new EcoRI/SphI junction, the EcoRI site was regenerated. Plasmid pRJ1021 was obtained by first digesting pRJ1008 with Xmalll which generated more than one fragment, the ends were "filled in" and the DNA digested with BamHI. The blunt-BamHI fragment carrying B.japom'cum DNA was purified and recloned into Sma_I/B_amHI-cut pMC1403 vector.
To determine the 5' end-points for those deletion derivatives generated with the exonuclease Bal31, the plasmids were cut at their unique EcoRI site 32 and labelled with (a-P)dATP and Klenow polymerase. After inactivation of the polymerase the DNA was digested with BamHI and the DNA loaded onto a 6% polyacrylamide sequencing gel. The samples were run alongside a dideoxy sequencing ladder generated from an M13mp8 clone carrying the £coRI-BamHI fragment of pRJ1008 which had been digested with BamHI after the elongation reaction in order to generate a common 5' end for the sequencing reaction. The inserts in plasmids pRJ1020 and 1021, which had a defined 5' end-point, were also sized by the above-mentioned procedure, together with the BgUI-BamHI fragment of pRJ1008, in order to have internal controls. The sizes could be estimated to an accuracy of +/-1 to 2 bp (data not shown).
Construction of 5' deletion derivatives of the nifH'-'laoZ fusion piasmid pRJ1009
Plasmid pRJ1009 contains approximately 880 bp of B.japonicum nifH DNA between the EcoRI and BamHI sites of pMC1403 (Fig. IB) (26) . From pRJ1009 four deletion derivatives were constructed. Plasmid pRJ1070 was generated by cutting at the unique Bglll and HindHI sites, "filling in" and religation. This generated a 67 bp internal deletion. During the same experiment a clone with a 96 bp deletion was found, pRJ1071. We suspect that it has been generated by an unknown, contaminating endonuclease activity. DNA sequencing of this clone has established that the remaining DNA has not suffered additional alterations. Plasmids pRJ1072 and 1073 are EcoRI-Hindlll and £coRI-Bg_l_II deletions, respectively, generated after cutting, "filling in" and religation. Subcloning 5' deletions into a wide host-range plasmid To mobilize the B.japonicum promoter region plus the lacZ DNA contained in all the pMC1403 fusion derivatives, a modification was introduced into the wide host-range vector pRK290. A specific 10 bp linker (5'CCCTCGAGCC3') was synthesized using a DNA synthesizer from Applied Biosystems (model 380A, Foster City, CA). Plasmid pRK29O was cut at the unique EcoRI site, "filled in", and the linker was introduced. The linker regenerated the EcoRI site and introduced a unique Xhol restriction site; the new vector was called pRK290X. The pMC1403-derived plasmids were digested with EcoRI, which cuts at the 5' end of the relevant B.japonicum DNA, and with San which cuts downstream of the lacA gene in pMC1403. The fragments thus generated contained the B.japonicum DNA upstream of nifD and nifH plus the lacZYA genes of the fusion vector.
The EcoRI-SaU fragments were subcloned into EcoRI/Xhol-cut pRK290X, and the new constructs were transferred to B.japonicum 110spc4 by a three-parental mating using pRK2013 as helper plasmid (49). It is important to mention that when the B.japonicum exconjugants carrying the pRK290X-based lacZ fusions were grown on PSY-Xgal-tetracycline they gave rise to light-blue colonies after ca. 10 days at 30 C. The wild-type B.japonicum strain without a fusion plasmid gave rise only to white colonies if grown on PSY-Xgal medium.
Estimation of stability of pRK290X-based fusion plasmids
Precultures used to inoculate the microaerobic cultures were grown without selection for the fusion plasmids (tetracycline) because this antibiotic seems to interfere in nif derepression (B. Regensburger, pers. commun.)-To investigate the stability of all the pRK290X-fusion plasmids, samples from these cultures were streaked onto PSY-Xgal without tetracycline. For a strain harboring pRJ1025 the following results was obtained: after ca. 15 days at 30 C a mixture of colonies was observed in which 70% were blue-segmented colonies and the remaining colonies were 8% blue and 22% white. Samples taken at the end of the microaerobic growth (9 days) and plated on PSY-Xgal revealed ca. 40% blue-segmented colonies and ca. 54% and 6% of white and blue colonies, respectively. In the case of the plant tests the culture used to infect the soybean seedlings was grown in the presence of tetracycline and, in this case, samples streaked onto PSY-Xgal revealed about 79% blue-segmented colonies and about 14% and 7% blue and white colonies, respectively. In all these tests there was no significant variation in stability among the different fusion plasmids.
To confirm the presence of bacteroids harboring the lacZ fusion plasmid, some nodules from 21 day-old plants were taken and halved, some others were used to cut 200 ym thick section. In both cases the nodule samples were incubated in saline-phosphate buffer (52) containing 5 vg/ml of Xgal. The colour reaction was followed using a stereo microscope and when the samples developed blue colour they were transferred to glutaraldehyde.
Assays of B-galactosidase activity
The B-galactosidase (B-gal) assay for the E.coli strains carrying the different fusion plasmids has been described (26). In every case the assays were done in duplicate from at least three independent cultures. Measurement of 8-gal activity in the microaerobic system was done by taking 110 vl samples of the cultures and using two 25 yl aliquots for duplicate assays as described (55) . From the remaining sample, 50 yl were used to measure A,--after dilution of the samples. Activity of 6-gal was calculated as Miller units (55). For each strain three independent cultures were assayed in duplicate.
To measure 8-gal activity from root-nodule bacteroids all the nodules from one plant were collected in an Eppendorf tube containing a small amount of powdered glass and 100 yl of ice-cold Z-buffer (55) plus 0.5M mannitol. The nodules were crushed with a blunted glass pipette which fitted well into the computer and an EPSON FX100 printer. The program was written using TURBO Pascal (I. Lorencez-Gonzalez, unpublished).
RESULTS
Effect of 5' deletions on nvffl-dependent activation of the B.japonicum nifD
and nifH promoters Plasmids pRJ1008, pRJ1009 and their deletion derivatives (Fig. 1 ) were used to transform the E.coli strain ET8000. The K.pneumoniae nifA product was supplied in trans from pMC71A which is a plasmid that constitutively produces the nifA gene product and which is compatible with the lacZ fusion plasmids (3,18,26).
Effect of deletions on the nifD promoter. The results obtained for pRJ1008 and and its deletion derivatives are shown graphically in Fig. 2 . Wild-type levels of activity, those obtained for pRJ1008, were maintained by plasmids pRJ1019, 1010 and 1021. Between pRJ1021 and pRJIOH there is a drop in activity equiva- Effect of 5' deletions on activation of the nifD promoter in the B.japonicum background The requirement for upstream sequences for the activation of the B.japonicum nifD and nifH promoters, as measured in E.coli, could potentially be an artifact due to the heterogeneity of the system. To test this possibility the B.japonicum nifD/lacZ regions of plasmids pRJ1008, 1021, 1011, 1014 and 1020 were cloned into pRK290X (Fig. 1A) and mobilized into B.japonicum 110spc4.  Activities from these nifD'-'lacZ fusion plasmids, pRJ1025, 1040, 1037, 1038 , 1039, were assayed in cells grown in microaerobic (ex planta) conditions as well as from root-nodule bacteroids. Microaerobic (ex planta) assays. It was possible that the upstream DNA regions could be required only during the first stages of derepression; therefore, if activity was measured late, differences may not have been detected. Thus, derepression was followed from the day the cultures were inoculated. The results (Fig. 3A) show that wild-type levels of g-gal activity cannot be obtained from strains carrying deletion derivatives. Surprisingly, in this experiment pRJ1040 does not reach wild-type levels as compared to the corresponding plasmid (pRJ1021) in the heterologous system. All the other plasmids behave similarily as compared to the heterologous system. During this experiment acetylene reduction, from parallel cultures of Bĵ aponicum without plasmids as well as from strains carrying lacZ-fusion plasmids, was first detected at day 7. The internal control, B.japonicum/pRJ1039 showed almost undetectable levels of e-gal, and a culture of B.japonicum/ pRJ1025 grown under aerobic conditions did not show derepression (Fig. 3A) . Assays in root-nodule bacteroids. B.japonicum strains carrying pRJ1025, 1037, 1038, 1039 and 1040 as well as a plasmid-free strain were used to infect soybean seedlings. B-Gal assays from root-nodule bacteroids were started from day 8 for B.japonicum/pRJ1025 and from day 10 for the other strains. Up to day 13 all the nodules from one plant were assayed for each strain, and from day 15 all the nodules from two plants were assayed independently and the results averaged.
The results from this experiment (Fig. 3B) were very similar to those obtained in the microaerobic cultures. Again none of the strains carrying deletion derivatives reached wild-type levels of B-gal activity. In this case the B-gal activity from plasmid pRJ1040 deviates even further from the wild-type 
DISCUSSION
Stability of pRK290X-derived fusion plasmids
It is evident from our results that without selective pressure the pRK290X-derived plasmids were highly unstable, however, it appeared as if during growth in the microaerobic cultures the rate of plasmid loss was the same for all the different constructions. Moreover, we estimate that under the microaerobic growth conditions only about 12 generations of B.japonicuni would have occurred, thus minimising the effect of plasmid loss. Hence, the differences in B-gal derepression from the individual plasmids were not due to different plasmid instabilities. In the plant-infection tests the instability was apparently not as severe since the precultures were grown in the presence of tetracycline. Furthermore, 5 randomly chosen nodules (out of 18) from one 21-day old plant gave a positive reaction to the Xgal test (data not shown) which indicated that most (if not all) nodules contained bacteria harbouring the fusion plasmids. Nevertheless, plasmid loss occurred within the nodules since distribution of the blue colour (Xgal reaction) in nodule cross-sections was not homogeneous (not shown). Effect of upstream sequences on the activation of the B.japcmiaum nifD and nifH promoter in the heteroiogous system When the B.japonicum nifD deletions and the nifH derivatives pRJ1072 and 1073 were made, vector (pMC1403) sequences were substituting the deleted regions. However, when nifH-internal deletions were constructed, as in plasmids pRJ1070 and 1071, B.japonicum DNA and not vector sequences replaced the deleted regions. Regardless of the origin of the replacing DNA in the deletion derivatives, the effect of removing the sequences upstream of the -115 position for nifH or -101 for nifD was always the same: a reduction of more than 90% of the wild-type promoter activity. These results suggest that the deleted sequences are highly specific since they cannot be simply substituted by other DNA sequences.
For the nifD promoter, plasmid pRJIOl4 seems to delimit the region where the upstream sequences have an effect, since the activity observed with this plasmid is not significantly different from pRJ1015, 1016 and 1017. The level of activity from all these plasmids is about 6-7% of the wild-type (Fig. 2) . This low level drops to zero when the deletions reach into the jiif consensus promoter as in plasmids pRJ1018 and 1020. The low level (6-7%) of residual activity observed would depend only on the presence of a functional nif promoter, unless there is another influencing sequence between positions -65 and the nif promoter.
Effect of upstream deletions on activation of the nifD promoter in B.japonicum
From the results shown in Fig. 3A and B it is clear that removal of DNA upstream of the nifD promoter has a strong effect on the capacity of this promoter to be activated. The data also confirm that the results obtained when using the E.coli background are not an artifact of the system. In Fig. 3A it can be seen that during the first 4 days of microaerobic growth the activity from all the plasmids, except pRJ1039, runs parallel at a level between 3% and 8%. After day 4, when nif derepression begins, the effect of the upstream deletions becomes evident. That the activity from pRJ1039 is significantly lower than that from the other plasmids suggests that the low level of activity ob- served before derepression is due solely to the intact nif consensus promoter. Also, since the upstream deletions have an effect on activation only after the onset of derepression we conclude that the low level of activation during the first 4 days is ni_fA-independent and that nifA-mediated activation of this promoter depends on the integrity of the upstream sequences. In the heterologous system 6-gal activity from plasmid pRJ1021 reaches wild-type levels of activity (Fig. 2) ; however, activity from the corresponding plasmid pRJ1040 in the B.japonicum background is not higher than 65% (Fig. 3A,B) . At least 2 explanations may be possible, (i) Wild-type levels of activity in the B.japonicum background may require more DNA upstream of the -165 position, (ii) In pRJ1021 the sequences 5 1 to the EcoRI site are derived from pMC14O3 and in pRJ1040 from pRK290X; hence, it may be possible that the sequences from pRK290X have an influence in this particular construction.
Possible identity of the upstream sequences
The effect of deletions upstream of a nirf promoter was first noticed in the nifLA operon of K.pneumoniae (13) . In this case the capacity for nifA-or ntrC-mediated activation was gradually reduced in deletions extending from -150 to -28, and the deletion ending at -28 still retained its capacity to be activated by the nifA or ntrC products (13). A similar gradual decrease in activity from deletion mutants (from -98 to -40) of the E.coli tyrT promoter has also been observed (57) . In this case it has been proposed that the role of the upstream DNA may be to bind additional RNA polymerase molecules which may then slide down to the promoter region (57). A similar mechanism may explain the observations on the nifLA promoter.
The involvement of more specific upstream sequences in nif regulation was first proposed for the K.pneumoniae nifH gene (41) . In this case a G to T transversion at position -136 abolished the Nif-inhibition effect normally associated with a multi-copy nifH promoter (20) , and was believed to be due to titration of nifA product by the strong nifH promoter (20, 41) . The sequence around the G residue at -136 in the K.pneumoniae nifH promoter is TTGTTC. We found similar sequences in the B.japonicum nifD and nifH promoters at -157 and -140, respectively. At the same time work done to investigate the upstream sequences of the K.pneumoniae nif promoters which affect nifA-mediated activation revealed a wider consensus: TGT-N, 0 -ACA (43) .
When this consensus is used, two similar regions are evident in each of the B.japonicum nif promoters (Fig. 4) . In the nifD promoter the region with the TGT sequence centered at -157 was originally published as having 9 bp inbetween TGT and ACA (58) 5 it is also evident that despite the homologies among the slow growers (Bradyrhizobium) there is very little homology to fast growers (Rhizobium), at most only at the level of the nif promoter. Nevertheless the fast growers have a certain degree of homology among themselves and neither group shows significant homology to the K.pneumoniae nifH upstream region. These results disagree with the notion of nvf genes having jrrf-specific and speciesspecific regions (60) since, at this stringency level of comparison, no speciesspecific sequences were apparent within the fast or slow growers and no nifspecific sequences were shared (besides in some cases at the rivf promoter) between fast and slow growers.
The strong conservation of the sequences upstream the promoter region of slow growers leads to further speculations, (i) The additional sequences immediately downstream of the two TGT-N, Q -ACA copies may also play a role in regulation, which in this work may not have been evident if the effect was obscured by the more drastic consequences of removing one or both of the TGT-N, Q -ACA sequences, (ii) The fact that there is no significant homology between the overall upstream sequences of nifD and nifH of B.japonicum, whereas interspecies conservation of these genes is high, suggests that these promoters may be regulated somewhat differently, perhaps only on a quantitative basis.
In the light of this last point it is important to mention that the R.meliloti nifH upstream sequences do not seem to be required to achieve wild-type levels of expression when present in a R.meliloti background but do have an effect when activation is tested in E.coli (44) . In contrast, the results presented here show that the B.japonicum nifD promoter region strongly depends on these sequences in both heterologous and homologous backgrounds. The explana-tion for the difference observed may be that R.meliioti has only one TGT-N, Q -ACA upstream sequence and activation in the nodule environment may not depend strongly on it. Alternatively, the relatively high residual activity of the intact nvf consensus promoter in the R.meliloti upstream deletion mutants ( In the K.pneumoniae system it has recently been shown that the TGT-N,«-ACA sequence upstream of the nifH promoter is functionally independent of its orientation, is ci^ acting, and its position upstream can be translocated within 2 kb and still remains active (43) .
All the evidence presented above strongly suggests that the nifA product binds to the upstream DMA sequence of the nvf promoters, presumably at the TGT-N. 0 -ACA site. Once bound it could (i) modify the tertiary structure of the DNA such that it brings closer two otherwise distant regions, (ii) stabilize a certain DNA conformation required for efficient promoter activity or, (iii) bind another regulatory protein or RNA polymerase itself (43, 63) .
Activation of some genes in eukaryotes require upstream sequences called "enhancers", as in the activation of some SV40 early genes by Spl protein or activation of heat-shock genes of Drosophila by HSTF protein (63). In yeast there are also examples of positive regulation involving upstream activating sequences (UAS) such as the induction of CYC1 by the HAP! gene product (64), and activation of GAL1 by the GAL4 product (65,66). In the latter case the GAL4 protein binds to the UAS sequences and then, apparently, it needs to make contact with another protein in order to exert its activator function (66).
In the case of the prokaryotic upstream sequences described for B.japonicum in this work, and those of K.pneumoniae (43), their mode of action remains to be elucidated. However, a new level of complexity in prokaryotic regulation is now evident.
